Background-Angiotensin-converting enzyme (ACE) inhibitors have been shown to attenuate left ventricular (LV) enlargement in association with reducing mortality after myocardial infarction (MI). Preclinical data suggest that angiotensin receptor blockers (ARBs) may have similar structural and functional effects after MI. The Valsartan in Acute Myocardial Infarction (VALIANT) Echo study was designed to test the hypothesis that the ARB valsartan, either alone or in combination with captopril, could attenuate progressive LV enlargement or improve LV ejection fraction to a greater extent than captopril alone. Methods and Results-Six hundred ten patients enrolled in the main VALIANT study who experienced MI and evidence of LV dysfunction, heart failure, or both were enrolled in the VALIANT Echo study. Patients were randomized to receive valsartan 160 mg PO BID, captopril 50 mg PO TID, or valsartan 80 mg PO BID plus captopril 50 mg PO TID between 1 and 10 days after MI. Six hundred three patients had echocardiograms of sufficient quality for quantitative analysis. Echocardiograms were digitized, and endocardial borders were traced manually from 2 short-axis and 2 apical views. Ventricular volumes, ejection fractions, combined areas, and infarct segment length were measured, and changes in echocardiographic measures from baseline to 20 months were compared between treatment groups. Baseline clinical and echocardiographic characteristics were similar in the 3 treatment arms. The changes from baseline to 20 months in all echocardiographic parameters were similar in all 3 treatment arms. Baseline echocardiographic measures of ejection fraction, end-diastolic volume, and infarct segment length were highly predictive of outcomes including total mortality, death or hospitalization for heart failure, or death or any cardiovascular event (heart failure, MI, stroke, resuscitated sudden death), even after adjustment for known covariates. Conclusions-Treatment with the ACE inhibitor captopril, valsartan, or the combination of captopril plus valsartan resulted in similar changes in cardiac volume, ejection fraction, and infarct segment length between baseline and 20 months after MI. Baseline echocardiographic measures were powerfully and independently predictive of all major outcomes. (Circulation. 2005;111:3411-3419.)
A ngiotensin-converting enzyme (ACE) inhibitors have been shown to attenuate left ventricular (LV) enlargement in association with reducing mortality after myocardial infarction (MI). [1] [2] [3] Preclinical data with angiotensin receptor blockers (ARBs) suggest that this alternative method of inhibiting the renin-angiotensin system may result in similar structural and functional effects after experimental infarction. 4 -6 In heart failure patients, the combination of an ACE inhibitor and an ARB has been associated with greater attenuation of ventricular enlargement than either agent alone. 7, 8 The Valsartan in Acute Myocardial Infarction (VALIANT) study was designed to test the hypothesis that the ARB valsartan, either alone or in combination with the proven ACE inhibitor captopril, would be superior or not inferior to a proven dose of captopril in reducing cardiovascular mor-bidity or mortality after MI and demonstrated that valsartan was as effective as captopril in reducing cardiovascular morbidity and mortality, but the combination was associated with increased adverse events without increased benefit. 9 The VALIANT Echo study was designed to test the hypothesis that the ARB valsartan, either alone or in combination with captopril, could attenuate progressive LV enlargement or improve LV function to a greater extent than captopril alone. Six hundred ten patients from the main VALIANT study were enrolled in the VALIANT Echo study. In this report we present the results of the VALIANT Echo study and the relationship between baseline echocardiographic assessment and outcomes after MI.
Methods Patients
Clinical sites participating in the main VALIANT study were invited to enroll patients in the VALIANT Echo study, and patients enrolled in the VALIANT trial at these sites were eligible for inclusion in the VALIANT Echo study. Entry criteria were identical to those for the main VALIANT study: Patients were eligible if they had an MI and evidence of LV dysfunction (ejection fraction Յ35% on echocardiography or ventriculography, or ejection fraction Յ40% by radionuclide ventriculography), heart failure, or both. Patients were included regardless of infarct location or ST-segment characteristics. Patients were randomized and titrated to receive valsartan 160 mg BID, captopril 50 mg TID, or valsartan 80 mg BID plus captopril 50 mg TID between 0.5 day and 10 days after MI (meanϭ4.8 days) and received concomitant background therapy at the discretion of the treating physicians. Six hundred ten patients from the total VALIANT population (14 703) were enrolled in VALIANT Echo. Echocardiographic examinations were performed at baseline (before randomization), at 1 month, and at 20 months after MI. A total of 94 clinical sites in 13 countries participated in the VALIANT Echo study. Patients signed informed consent for inclusion in the VALIANT Echo study, and institutional review board approval was obtained by each site.
Echocardiographic Analysis
All echocardiographic studies were sent to a core laboratory at Brigham and Women's Hospital. Studies were reviewed for quality, and 5 patients were excluded before analysis because of extremely poor study quality; 2 additional patients had insufficient echocardiographic images for assessment of ventricular volume and ejection fractions. In patients with echocardiographic studies of sufficient quality for quantitative analysis, defined as availability of all necessary views and sufficient image quality for endocardial border definition, echocardiographic analyses were performed at baseline (nϭ603), at 1 month (nϭ544), and at 20 months after MI (nϭ428). Fifty-nine patients in the initial cohort did not have 1-month echocardiograms, including 21 patients who died before the 1-month echo. One hundred seventy-five patients in the initial cohort did not have the 20-month echocardiogram, including 98 patients who died before the final visit. Five patients died after the 20-month echocardiograms, which were available in 146 patients in the captopril group, 140 patients in the combination group, and 142 patients in the valsartan group.
Echocardiograms from videotape were digitized, and analyses were performed with the use of an offline analysis workstation. LV endocardial borders were manually traced at end-diastole and endsystole at the mitral and papillary level short-axis and apical 4-and 2-chamber views from 3 separate cardiac cycles by a single experienced observer. LV volumes were derived according to the modified biplane Simpson's rule in the apical 4-chamber and apical 2-chamber views, and ejection fraction was calculated in the standard fashion from ventricular volumes. Combined LV areas were calculated by summing the average areas from the apical and short-axis views. 3 Infarct segment length was assessed by manual measurement of the infarct perimeter, defined as a severely hypokinetic, akinetic, or dyskinetic segment, and the average short-axis and apical infarct perimeter lengths were summed. The entire cavity perimeter length was measured in the apical and short-axis views, and the infarct segment length was expressed as a percentage of the total perimeter. Biplane volumes and ejection fractions were available at baseline in 603 patients; combined areas were available in 574 patients at baseline; infarct segment length measures were available in 552 patients at baseline.
Statistical Analysis
The primary end point of the study was the change in ventricular size (end-diastolic volume) from baseline to 20 months. A sample size of 600 patients was determined necessary to detect, with 90% power, a 7.6-mL difference in end-diastolic volume between treatment groups on the basis of data from previous post-MI studies. 10 This difference was considered both clinically meaningful and large enough to be greater than the limits of measurement error. A statistical adjustment was planned to account for the 3-group comparison in the event of a treatment difference. To assess reproducibility, 52 patient studies were randomly chosen and reanalyzed with the observer blinded to the initial results for the primary end point of end-diastolic volume. The mean signed differences and the SD of the differences between measurements were calculated (Bland-Altman method), and the variability was expressed as the SD of the difference divided by the mean measurement. Clinical characteristics in the Echo cohort and the remainder of the VALIANT cohort were compared. LV volumes, areas, and ejection fractions were compared at baseline and at 20 months, and the changes in these parameters between time points were compared between the 3 treatment groups.
Baseline echocardiographic assessments, including LV volume, ejection fraction, and infarct segment length, were related to clinical outcomes, including total mortality and cardiovascular morbidity, with Cox proportional hazards models. In patients who survived to the 20-month echocardiogram, changes in ventricular size and function were related to clinical outcomes throughout the study period. Continuous variables were compared with the Student t test. Categorical variables were compared with the 2 test. To determine the independent value of echocardiographic measures, we used a multivariable Cox proportional hazards model with the 10 most powerful covariate predictors of mortality identified from the overall VALIANT study using stepwise backward selection of a 70covariate model.
Results

Baseline Characteristics
The VALIANT Echo cohort was similar to the VALIANT cohort as a whole (Table 1 ) and differed from the main cohort minimally with respect to age (63.8Ϯ12.3 versus 64.9Ϯ11.8 years; Pϭ0.02) and baseline blood pressure (systolic blood pressure, 121.1Ϯ14.9 versus 122.7Ϯ17.1 mm Hg; Pϭ0.02; diastolic blood pressure, 70.5Ϯ10.9 versus 72.4Ϯ11.3 mm Hg; Pϭ0.0001). There were no other significant differences in baseline characteristics or prerandomization medications between the Echo cohort and the remainder of the VALIANT cohort. There were no differences in baseline characteristics or medications in patients randomized to any of the 3 treatment arms in the VALIANT Echo study. The overall coefficient of variability of the primary end point (end-diastolic volume) based on the reproducibility assessment was 8.3%.
The baseline end-diastolic and end-systolic areas, volumes, ejection fractions, and infarct segment lengths for all patients with baseline echocardiograms are shown in Table 2 . There were no significant differences between baseline echocardiographic parameters in any of the treatment arms. There were no significant differences in ventricular areas, volumes, or ejection fractions at baseline in patients who did and did not undergo the 20-month echocardiographic evaluation.
Changes From Baseline to 20 Months
In the 428 patients with paired echocardiographic studies between baseline and 20 months, overall diastolic volume increased by 2.4Ϯ17.6 mL (Pϭ0.005), systolic volume decreased by 0.45Ϯ16.7 mL (Pϭ0.56), and ejection fraction increased by 2.0Ϯ7.22% (PϽ0.0001). Table 3 shows baseline, 1-month, and 20-month echocardiographic measures in the 3 treatment arms. There were no significant differences in the magnitude of the change in any of the echocardiographic end points, including volumes, areas, ejection fractions, or infarct segment lengths between patients receiving either valsartan, captopril, or the combination (Table 3) .
Echocardiographic Measures and Outcomes
In the Echo cohort, 103 patients (17%) died, 162 patients (27%) died or developed heart failure, and 187 patients (31%) died or had another morbid cardiovascular event (heart failure, MI, stroke, or resuscitated sudden death) after randomization. There were no significant differences in the number of events by treatment group in this cohort. Baseline measures of ejection fraction (Figure 1 ), end-diastolic volume 
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( Figure 2 ), end-systolic volume (Figure 3) , and infarct segment length ( Figure 4 ) were all related to each of these outcomes. The hazard ratios associated with each 5-U decrease in ejection fraction, each 10-mL increase in end-diastolic or end-systolic volume, or each percent increase in infarct segment length for total mortality and the combined end points are shown in Table 4 . In a multivariable model, with adjustment for 10 baseline covariates that were found in the overall VALIANT study to be most predictive of mortality, including age, serum creatinine, Killip class, history of MI, history of congestive heart failure, percutaneous coronary intervention after index MI, atrial fibrillation after index MI, history of diabetes, history of chronic obstructive pulmonary disease, new left bundle-branch block, and history of angina, ejection fraction (Pϭ0.007) and infarct segment length (Pϭ0.03) were each independently predictive of mortality, whereas end-diastolic volume and end-systolic volume were independently predictive of the combined end points of death or heart failure or the combined end point of death, heart failure, MI, cardiac arrest, or stroke. For the combined end points, all echocardiographic measures were independently predictive of outcome. None of the echocardiographic measures were predictive of recurrent MI. Changes in ventricular size or function from baseline to 1 month did not predict subsequent cardiovascular outcomes. Of patients who survived to the 20-month echocardiogram, those who experienced an adverse cardiovascular event (nϭ76), including hospitalization for heart failure, MI, resuscitated sudden death, or stroke before or after the final echocardiogram or death after the final echocardiogram, had a greater increase in end-diastolic volume (7.5Ϯ19.9 versus 1.3Ϯ16.9 mL; Pϭ0.005), a greater decrease in ejection fraction (Ϫ0.68Ϯ7.0% versus 2.5Ϯ7.1%; Pϭ0.0004), and a lesser improvement in infarct segment length (0.06Ϯ3.1% versus Ϫ1.04Ϯ2.2%; Pϭ0.005) compared with patients who did not experience adverse events.
Discussion
ACE inhibition has been shown to attenuate ventricular enlargement and has been associated with improvement in ventricular function in patients after MI. The results of the VALIANT Echo study suggest that in a contemporary population of patients with MI and LV dysfunction, heart failure, or both, treatment with the ACE inhibitor captopril, the ARB valsartan, or the combination of valsartan and captopril resulted in similar changes in ventricular size and function. These findings suggest that combination therapy with an ACE inhibitor and ARB is not superior to either strategy alone for improving ventricular function or attenuating enlargement after MI complicated by LV dysfunction or heart failure. These findings are consistent with the primary results of the VALIANT trial, in which neither arm was more effective in reducing mortality or cardiovascular morbidity.
Early observations from experimental infarct studies demonstrating that ACE inhibitors could attenuate subsequent progressive LV enlargement (remodeling) provided the initial rationale for the use of ACE inhibitors after MI. [11] [12] [13] LV enlargement, either limited or progressive, has been demonstrated in a significant proportion of patients after MI, 14 is dependent on initial infarct size, and is associated with a significant increase in the risk of subsequent morbidity and mortality. 15 Although the improvement in survival associated with ACE inhibitor use after MI in multiple large clinical trials cannot be explained entirely by attenuation of LV enlargement alone, ventricular enlargement after MI has been associated with an increased risk for adverse events. 3 A number of experimental studies have suggested that ARBs may attenuate ventricular enlargement to an extent similar to that of ACE inhibitors. In animal models, angiotensin receptor blockade has been associated with inhibition of LV hypertrophy, ventricular dilatation, and collagen deposition compared with placebo. 16 Experimental models of MI have shown similar antiremodeling effects of the ARB losartan and the ACE inhibitor ramipril. 17 Zornoff et al 4 have shown similar overall attenuation of ventricular enlargement in rats treated with losartan, captopril, or the combination after MI.
There is a compelling rationale for considering AT 1 receptor blockers as an alternative therapy to ACE inhibitors for attenuation of ventricular enlargement and improvement in ventricular function after MI. ACE inhibitors are poorly tolerated in a finite number of patients. Moreover, the effect of ACE inhibition on enlargement may diminish over time; in the Survival and Ventricular Enlargement (SAVE) study, no further attenuation of enlargement was observed after 1 year. 18 Elevations in the levels of circulating angiotensin II and aldosterone can occur relatively soon after administration of ACE inhibitors, 19, 20 suggesting that blockade at the AT 1 receptor level may provide more complete inhibition of the renin-angiotensin-aldosterone system. Although there are limited experimental data suggesting a benefit of combination therapy over single-agent therapy with an ACE inhibitor or ARB after infarction, there are substantial mechanistic and clinical trial data suggesting a benefit of combination therapy in heart failure patients treated with ARBs on a background of ACE inhibitor therapy. [21] [22] [23] The Randomized Evaluation of Strategies for Left Ventricular Dysfunction (RESOLVD) study showed improvement in enlargement in heart failure patients treated with a combination of candesartan and enalapril compared with either agent alone. 7 Similarly, in the Valsartan Heart Failure Trial (Val-HeFT), addition of the ARB valsartan was associated with further improvements in ventricular size and function after MI. 8 It must be noted, however, that both RESOLVD and Val-HeFT, in contrast to VALIANT, were studies of chronic heart failure patients. Additionally, although most patients (92%) in Val-HeFT received ACE inhibitors, the ACE inhibitor dose was not controlled.
In the present study we did not observe any benefit with respect to changes in ventricular size and function with valsartan therapy compared with captopril or the combination of the 2 agents. These findings are consistent with the primary VALIANT results, which failed to distinguish between the 3 arms with respect to mortality or morbidity end points. The dose of captopril used in VALIANT was the same as that used in the SAVE trial, a placebo-controlled trial that enrolled similar patients in the early 1990s and that demonstrated attenuation of ventricular enlargement in follow-up. In VALIANT, we cannot directly assess the effect of the ARB relative to placebo on ventricular enlargement and ventricular function. Nevertheless, these findings suggest that treatment with the ARB is associated with similar effects on ventricular enlargement and ventricular function. Whereas VALIANT was powered to test the noninferiority hypothesis, the VALIANT Echo study was designed and powered to assess whether either arm was superior to the others with respect to changes in ventricular size and function. We cannot therefore specifically address the issue of "noninferiority," although we observed no clinically meaningful or statis- Relationship between end-systolic volume and total mortality, death or hospitalization for heart failure, and death or other cardiovascular event (heart failure, MI, stroke, resuscitated sudden death). tically significant differences in change in any of the echocardiographic measures from baseline to 20 months based on treatment assignment. Of note, ␤-blocker use at the time of randomization was extremely high in the VALIANT population. In heart failure trials, the effect of ␤-blocker use on ventricular enlargement is extremely robust, with significantly greater attenuation of enlargement than observed in ACE inhibitor studies. 24 Additionally, ␤-blocker therapy in the setting of ACE inhibition has been shown to directly lower angiotensin II levels in heart failure patients. 25 It is possible, therefore, that ␤-blockers might have attenuated any differences among the treatment groups. We also cannot exclude the possibility that the addition of an ARB to chronic ACE inhibitor therapy would be substantively different from simultaneous initiation and titration of the 2 drugs, as performed in VALIANT. In the overall VALIANT study, combination therapy was associated with an increase in adverse events, predominantly discontinuation for hypotension or renal dysfunction. We did not observe any echocardiographic correlates of these adverse events in this substudy. We also did not observe any differential benefit with respect to these echocardiographic parameters depending on infarct location.
The Optimal Trial in Myocardial Infarction with Angiotensin II Antagonist Losartan (OPTIMAAL) echocardiographic substudy was most comparable in design to the VALIANT Echo study. 26 OPTIMAAL compared losartan 50 mg/d with captopril 50 mg TID. The Echo substudy demonstrated a small but significant decrease in wall motion score index in patients receiving captopril. These findings are consistent with the overall small, though nonsignificant, reduction in events in patients receiving captopril in OPTIMAAL. Although we cannot directly compare the global assessments made in the VALIANT Echo study with the wall motion assessments made in OPTIMAAL, the OPTIMAAL echocardiographic findings are consistent with the notion that the relatively low dose of the ARB and relatively slow uptitration used in OPTIMAAL may have contributed to the observed benefits of the ACE inhibitor. Similarly, in the Evaluation of Losartan in the Elderly (ELITE) trial, there were no differences in the change in ventricular volumes observed with either losartan or captopril therapy. 27 In each of these studies, the imaging data paralleled the main study findings.
Baseline echocardiographic measures of ventricular size and function in our cohort were extremely predictive of cardiovascular outcomes, including total mortality, cardiovascular mortality, hospitalization for heart failure, and stroke. Of the major cardiovascular outcomes in VALIANT, only MI was not influenced by baseline measures of cardiac size and function, a finding previously observed in the SAVE cohort. Although the relationship between ejection fraction and outcomes appears relatively linear, we observed a minimal increase in risk below the median for volumes or infarct segment length. Nevertheless, even after adjustment for clinical baseline variables that were most predictive of outcome in this cohort, these echocardiographic measures remained independently predictive of all major outcomes. These data are consistent with prior studies and provide precise information on the prognostic value of specific echocardiographic measures as surrogate end points in an MI clinical trial, data that we believe will be useful in the design of future clinical trials.
In patients who survived to the 20-month echocardiogram, those with nonfatal interim events (heart failure, MI, stroke, resuscitated sudden death) were more likely to experience LV dilatation or reduction in ventricular function. These findings are consistent with prior studies demonstrating a relationship between cardiovascular events and alterations in ventricular size and function. 3 Nevertheless, the number of deaths between baseline and 20 months complicates the relationship between changes in ventricular size or function and outcomes in this population. Because there was very little follow-up time after the final echocardiogram, we could not assess the influence of changes in ventricular size or function on subsequent outcomes. That changes occurring in the first month after MI did not predict outcome may be explained by the fact that baseline echocardiograms in this study were obtained at a median of 5 days after MI and may reflect a more "stable" assessment of cardiac size and function than would be obtained in the early postinfarct period. Some limitations of the present study should be noted. A significant number of patients enrolled in the VALIANT Echo study died before the final echocardiogram. We expect, therefore, that some degree of survivor bias influenced the findings. Indeed, we cannot exclude the possibility that the slight improvement observed in LV function over the 20month period might be secondary to survivor bias. It is unlikely, however, that survivor bias might have influenced the relative changes in ventricular size and function in each of the 3 treatment arms because in the overall trial, and in the Echo cohort, the number of deaths were similar, as were the number of patients available for paired studies, in each arm. Echocardiograms were obtained, on average, 4.8 days after MI and as many as 10 days after MI. Our baseline echocardiogram, therefore, may have occurred after substantial recovery of function or after significant ventricular enlargement, both of which can occur during this time period. 10, 28 The relatively simple measures of ventricular size and function that we report are not the only measurements that may relate to outcomes after infarction, and it is conceivable that other measures may be more sensitive. Finally, although background therapy was similar in all 3 groups, we cannot rule out the possibility that any aspect of the patients' management, including background therapy or reperfusion therapy, may have altered the natural history of ventricular enlargement in this population and may have attenuated any potential therapeutic effect.
In summary, treatment with captopril, valsartan, and the combination of valsartan plus captopril in patients with MI complicated by LV dysfunction, heart failure, or both was associated with similar changes in ventricular size and function in the 20 months that followed. These data suggest that in the doses tested, the ARB valsartan has similar effects with respect to changes in cardiac structure and function as a dose of captopril previously shown to affect cardiac enlargement. Baseline echocardiographic measures of ventricular size, ejection fraction, and infarct segment length were powerfully and independently predictive of death and other cardiovascular outcomes, suggesting the value of echocardiography as a predictor of outcome after MI.
